Higher moments (kurtosis (κ), skewness (S) and variance (σ 2 )) of multiplicity distributions are sensitive to the correlation length and can be used to search for the QCD critical point. The moment products κσ 2 and Sσ of net-proton distributions, which are also related to volume independent baryon number susceptibility ratios, can be compared with Lattice QCD and Hadron Resonance Gas (HRG) model calculations. We discuss the recent progress in the higher moments analysis of net-protons multiplicity distributions.
Introduction
The phase structure of nuclear matter can be illustrated by the QCD phase diagram, a two dimensional diagram with parameters temperature (T ) and baryon chemical potential = 7.7 GeV. This allows us to access a broad region of the QCD phase diagram and provides us with an ideal experimental tool to explore the QCD phase structure, including mapping the QCD phase boundary and searching for the QCD critical point [1] . Higher moments (variance * E-mail: xfluo@iopp.ccnu.edu.cn (σ 2 ), skewness (S), kurtosis (κ) etc.) of conserved quantities, such as net-baryon, net-charge and net-strangeness and multiplicity distributions are very sensitive to the correlation length [2, 3] and can be directly connected to the corresponding thermodynamic susceptibilities in Lattice QCD [4] [5] [6] and Hadron Resonance Gas (HRG) models [7, 8] . As the volume of the system is hard to determine, baryon number susceptibility ratios, such as χ (4) B /χ (2) B (forth to second order ratio) and χ (3) B /χ (2) B , are compared with the experimental data κσ 2 = χ (4) B /χ (2) B and Sσ = χ (3) B /χ (2) B , which cancel out the volume effect. On the other hand, theoretical calculations demonstrate that the experimentally measurable net-proton (proton number minus antiproton number) number fluctuations can effectively reflect the fluctuations of the net-baryon number [9] [10] [11] . Higher moments analysis provides access to a completely new do- main and provides a quantitative method for probing the bulk properties of the hot dense nuclear matter [12] .
Observables
Experimentally, we measure net-proton number event-byevent, N −¯ = N − N¯ , which is the proton number minus the antiproton number [11, 13, 14] . In the following, we use N to represent the net-proton number N −¯ in one event. The average value over the whole event ensemble is denoted by µ = N . The deviation of N from its mean value are defined by δN = N − N = N − µ. The th order central moments are defined as µ = (δN) . Then, we can define various order cumulants of event-by-event distributions as
Once we have the definition of cumulants, moment products can be denoted as
Background effects
The AMPT model [15] is applied to study the Final State Interaction (FSI) effect, which is a background effect in higher moment analysis. For other models, the reader may refer to [10, 16] . Fig. 1 (Left), we show the eventby-event net-proton multiplicity distributions of Au+Au 0 -5% most central collisions at
GeV for two cases. It demonstrates that the net-proton multiplicity distributions with final state interactions is wider than the net-proton distributions without decay. Fig. 1 (Right) shows the centrality dependence of κσ 2 of the net-proton distributions. The results for the two cases are consistent with each other within errors, which indicates the effects of final state interaction are small. The statistical errors are evaluated by the Delta theorem method [17] . The centralities are determined via impact parameters ( ). The centrality bin width effects, which are resulted from volume fluctuations , are corrected by dividing the impact parameter into narrower bins to perform the bin width correction as in [11] .
Results
The energy dependence of Sσ and κσ 2 for 0-5% most central Au+Au collisions was shown in Ref [10] . Recently, it was found that the deviations at low energies are partially due to the auto-correlation effects, which originate from the particles used in the fluctuation analysis are also used for centrality determination. This effect worsens at lower energies because of the higher relative fraction of protons. The other possible physical effects, such as baryon number conservation 1 and critical behavior [18, 19] , are still under investigation.
Summary and outlook
The volume fluctuation and auto-correlation effects have been identified in the higher moments analysis and several techniques have been developed to eliminate those nonphysics effects. The analysis of RHIC BES data are still ongoing.
